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Preparation of zeolite nano-film by precise control of crystallization process
assisted by microwave rapid heating

Higuchi, Takeshi
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The process of zeolite formation by microwave heating was analyzed by

transmission and scanning electron microscope, dynamic light scattering, nuclear magnetic resonance,
X-ray diffraction, small angle X-ray scattering. Several pieces of fundamental knowledge were
successfully obtained as follows.

(1) Trace amount of crystal nuclei are present in hydrolysed solution of alkoxide, but most of them
are chain polymer of about 16 nm in length. (2) The polymerization structure densifies by 300 W
microwave heating up to around 90 min, LTA type zeolite starts to be formed from around 200 min, and
by 400 min, grows to particles of about 200 nm. (3) The crystallinity is increased by 12 h of
heating and the polymerization is completed. (4) The crystallinity becomes maximum at around 24 h of
heating, and dissolution / reprecipitation becomes dominant after that.
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H,O 6.38g
NaOH 388¢g
TMAOH(15wt%) 9819
TEOS 1539

600 rpm 10 min 40 °C

AIPD 1.43g
600 rpm 24 h 40 °C

ko2

ATERGAE R
|
| RADEmMER |

|

famB AR

2
12 h 100 %
LTA
LTA
200 min
36 h
LTA
LTA
(1
Q3 Si
4 3 (0]

Si Al

nm
3(a)
(2)  0-200 min:

3Mb,e), 4, 5
(3) 200 — 400 min:

10 - 15% 6
100 nm
7 LTA
4, 5, 3@
(4) 400 min — 12 h:
100%
6 LTA
4 160 nm
7
() 12-36h:
LTA
4, 5 250 nm
7
(6) 36-48h:
100% 6
5 90 nm
7
LTA

TEM (@ 0 min
(b) 10 min, (c) 30 min, (d) 400 min



®:LTA
43h‘.. .,,,..0%:1 B NaCl
9% e Ll.l‘ . ten
36 h £ 1.7 1
e * M M .- *
e LLLISe n ees
24 h LN -.'2,0A1. von
— [20h ** e % 29
3 LI N . n eon
= e
Z (12N ee o T TIT0E T s
@ 400 min 14 -1
8 et e TN m m
£ 200 min *s o 07 024:1? a
) ¥ 0022 -1
120 min . | I -
60 min n
_AL 1
0 20 40 60
20
[
4
XRD
25
2 .
= N .
B 15 .
&
' 4 1
E ]
05
L]
o L
0 10 20 30 40 50
hnEaEsTE [h)
5 LTA
120
— L
2F 100 . . e -
5 =
T=J'§ 80
E £ 60
S5 .
3 s 40
> & 2 -
0
0 10 20 30 40 50

Heating time [h)

350
300
_ 250
E 200
& 150
w
100
50
0

400min 8h 12h 20h 24h 36h 48h
Heating time

7 SEM

1

Ryohei Chida, and Takeshi Higuchi;
“ Low-temperature  synthesis of
zeolite from porous silica by
hot-water and steam treatment,” J.
Sol-Gel Sci. Technol. , , Vol . 81,
No. 2, 2017, pp. 423-426

DOl: 10.1007/s10971-016-4201-2

3

0-01 2016 10 15

48 T105 2016 9 6

6 CE
0-2 2015 12 19

https://ww._mendeley.com/profiles/takes
hi-higuchi/

@
HIGUCHI, Takeshi

40312756



